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About This Manual

Thismanual describes the mechanical and electrical aspects of the PC-DI0O-96 and contains
information concerning its operation and programming. The PC-DIO-96 is a 96-bit parallel
digital 1/0 interface designed around four OKI Semiconductor (OK1) 82C55A programmable
peripheral interface (PPI) chips. The PC-DIO-96 also includes an Advanced Micro Devices
(AMD) 8253 counter/timer which can be used to send periodic interrupts to the host system. The
PC-DI0O-96 is amember of the National Instruments PC Series of PC I/O Channel expansion
boards for the PC computer family. These boards are designed for high-performance data
acquisition and control for applicationsin laboratory testing, production testing, and industrial
process monitoring and control.

This manual describesinstallation, theory of operation, and basic programming considerations
for the PC-DIO-96. The example programsincluded are written in C and assembly language.

Organization of ThisManual

The PC-DIO-96 User Manual is organized as follows:

e Chapter 1, Introduction, describes the PC-DI0O-96, lists what you need to get started,
describes software programming choices, optional equipment, and custom cables, and
explains how to unpack the PC-DIO-96.

e Chapter 2, Configuration and Installation, describes the PC-DI0O-96 jumper configuration,
installing the PC-DIO-96 board in your computer, signal connections to the PC-DIO-96
board, and cabling instructions.

» Chapter 3, Theory of Operation, explains the basic operation of the PC-DIO-96 circuitry.

» Chapter 4, Register-Level Programming, describesin detail the address and function of each
of the PC-DI0O-96 control and status registers. This chapter also includes important
information about register-level programming the PC-DIO-96.

* Appendix A, Specifications, lists the specifications of the PC-DIO-96.

* Appendix B, OKI 82C55A Data Sheet, contains the manufacturer data sheet for the
OKI1 82C55A (OKI Semiconductor) CMOS programmable peripheral interface. This
interface is used on the PC-DI10O-96 board.

* Appendix C, AMD 8253 Data Sheet, contains the manufacturer data sheet for the AMD 8253
integrated circuit. Thiscircuit is used on the PC-DIO-96 board.

e Appendix D, Customer Communication, contains forms you can use to request help from
National Instruments or to comment on our products.

© National Instruments Corporation iX PC-DIO-96 User Manual



Preface

» The Glossary contains an aphabetical list and description of terms used in this manual,
including abbreviations, acronyms, metric prefixes, mnemonics, symbols, and terms.

* The Index aphabetically lists the topicsin this manual, including the page where you can
find each one.

ConventionsUsed in ThisManual

The following conventions are used in this manual:

bold Bold text denotes menus, menu items, or dialog box buttons or options.

bold italic Bold italic text denotes a note, caution, or warning.

italic Italic text denotes emphasis, a cross reference, or an introduction to a key
concept.

nonospace Lowercase text in thisfont denotes text or charactersthat are to be literally

input from the keyboard, sections of code, programming examples, and
syntax examples. Thisfont isalso used for the proper names of disk
drives, paths, directories, programs, subprograms, subroutines, device
names, functions, variables, filenames, and extensions, and for statements
and comments taken from program code.

NI-DAQ NI-DAQ is used throughout this manual to refer to the NI-DAQ software
for PC computers unless otherwise noted

OKI 82C55A OKI 82C55A refers to the OKI 82C55A (OKI Semiconductor) CMOS
programmabl e peripheral interface.

PC PC refersto the IBM PC/XT, the IBM PC AT, and compatible computers,
aswell as EISA persona computers.

PPI x PPI x, wherethe x isreplaced by A, B, C, or D, refersto one of the four
programmabl e peripheral interface (PPI) chips on the PC-DIO-96.

SCXI SCXI stands for Signal Conditioning eXtensions for Instrumentation and
isaNational Instruments product line designed to perform front-end signal
conditioning for National Instruments plug-in DAQ boards.

<> Angle brackets containing numbers separated by an ellipses represent a
range, signal, or port (for example, ACH<0..7> stands for ACHO through
ACHY7).

Abbreviations, acronyms, metric prefixes, mnemonics, and symbols are listed in the Glossary.

PC-DIO-96 User Manual X © National Instruments Corporation



Preface

National I nstruments Documentation

The PC-DIO-96 User Manual is one piece of the documentation set for your data acquisition
(DAQ) system. You could have any of several types of manuals, depending on the hardware and
software in your system. Use the different types of manuals you have as follows:

o Getting Started with SCXI—If you are using SCXI, thisis the first manual you should read.
It gives an overview of the SCXI system and contains the most commonly needed
information for the modules, chassis, and software.

e Your SCXI hardware user manuals—If you are using SCXI, read these manuals next for
detailed information about signal connections and module configuration. They also explain
in greater detail how the module works and contain application hints.

e Your DAQ hardware user manuals—These manuals have detailed information about the
DAQ hardware that plugsinto or is connected to your computer. Use these manuals for
hardware installation and configuration instructions, specification information about your
DAQ hardware, and application hints.

»  Software manuals—Examples of software manuals you may have are the LabVIEW and
LabWindows®/CVI manual sets and the NI-DAQ manuals (a4.6.1 or earlier version of
NI-DAQ supports LabWindows for DOS). After you set up your hardware system, use either
the application software (LabVIEW or LabWindows/CV1) manuals or the NI-DAQ manuals
to help you write your application. If you have alarge and complicated system, it is
worthwhile to look through the software manuals before you configure your hardware.

* Accessory installation guides or manuals—If you are using accessory products, read the
terminal block and cable assembly installation guides or accessory board user manuals. They
explain how to physically connect the relevant pieces of the system. Consult these guides
when you are making your connections.

e SCXI chassis manuals—If you are using SCXI, read these manuals for maintenance
information on the chassis and installation instructions.

Related Documentation

The following document contains information that you may find helpful as you read this manual:

* IBM Personal Computer XT Technical Reference manual

Customer Communication

National Instruments wants to receive your comments on our products and manuals. We are
interested in the applications you develop with our products, and we want to help if you have
problems with them. To make it easy for you to contact us, this manual contains comment and
configuration forms for you to complete. These forms arein Appendix D, Customer
Communication, at the end of this manual.

© National Instruments Corporation xi PC-DIO-96 User Manual



Chapter 1
| ntroduction

This chapter describes the PC-DI10-96, lists what you need to get started, describes software
programming choices, optional equipment, and custom cables, and explains how to unpack the
PC-DIO-96.

About the PC-DIO-96

Thank you for purchasing the National Instruments PC-DIO-96. The PC-DIO-96 is a 96-bit,
paralel, digital, 1/0 interface for the PC. Four 82C55A PPl chips control the 96 bits of digital
[/0. The 82C55A can operate in either a unidirectional or bidirectional mode and can generate
interrupt requests to the host computer. The 82C55A can be programmed for ailmost any 8-bit or
16-bit digital 1/0 application. All digital 1/O isthrough a standard, 100-pin, male connector.

The PC-DIO-96 can be used in awide range of digital 1/0 applications. With the PC-DI10O-96,
any PC can be interfaced to any of the following:

e Other computers

Another PC with aNational Instruments PC-DIO-96, PC-DIO-24, or AT -DIO-32F
IBM Personal System/2 with a National Instruments MC-DIO-24 or MC-DIO-32F
Macintosh Il with aNational Instruments NB-DIO-24 or NB-DIO-32F

Any other computer with an 8-bit or 16-bit parallel interface

» Centronics-compatible printers and plotters

* Panel meters

* Instruments and test equipment with BCD readouts and/or controls
*  Opto-isolated, solid-state relays and I/0O module mounting racks

Note: ThePC-DIO-96 cannot sink sufficient current to drive the SSR-OAC-5 and
SSR-OAC-5A output modules. However, it can drive the SSR-ODC-5 output module
and all SSR input modules available from National I nstruments.

If you need to drive a SSR-OAC-5 or SSR-OAC-5A, you can either use a non-inverting
digital buffer chip between the PC-DIO-96 and the SSR backplane, or you can use a
DIO-23F or MIO Series board with appropriate connections (e.g., SC-205X and
cables).

With the PC-DIO-96, a PC can serve asadigital 1/0 system controller for laboratory testing,
production testing, and industrial process monitoring and control.

Detailed specifications of the PC-DIO-96 arein Appendix A, Specifications.

© National Instruments Corporation 1-1 PC-DIO-24 User Manual



Introduction Chapter 1

What You Need to Get Started

To set up and use your PC-DIO-96, you will need the following:

1 PC-DIO-96 board
] PC-DIO-96 User Manual

[ Oneof the following software packages and documentation:
NI-DAQ for PC compatibles
LabVIEW for Windows
LabWindows/CVI for Windows

[ Your computer

Softwar e Programming Choices

There are severa options to choose from when programming your National Instruments DAQ
and SCXI hardware. You can use LabVIEW, LabWindows/CV1, or NI-DAQ. A 4.6.1 or earlier
version of NI-DAQ supports LabWindows for DOS.

LabVIEW and LabWindows/CVI Application Software

LabVIEW and LabWindows/CV1 are innovative program development software packages for
data acquisition and control applications. LabVIEW uses graphical programming, whereas
LabWindows/CVI enhances traditional programming languages. Both packages include
extensive libraries for data acquisition, instrument control, data analysis, and graphical data
presentation.

LabVIEW features interactive graphics, a state-of-the-art user interface, and a powerful graphical
programming language. The LabVIEW Data Acquisition VI Library, a series of VIsfor using
LabVIEW with National Instruments DAQ hardware, isincluded with LabVIEW. The LabVIEW
Data Acquisition VI Libraries are functionally equivalent to the NI-DAQ software.

LabWindows/CV | features interactive graphics, a state-of-the-art user interface, and uses the
ANSI standard C programming language. The LabWindows/CVI Data Acquisition Library, a
series of functions for using LabWindows/CV1 with National Instruments DAQ hardware, is
included with the NI-DAQ software kit. The LabWindows/CVI Data Acquisition libraries are
functionally equivalent to the NI-DAQ software.

Using LabVIEW or LabWindows/CV 1 software will greatly reduce the development time for
your data acquisition and control application.

PC-DIO-24 User Manual 1-2 © National Instruments Corporation



Chapter 1 Introduction

NI -DAQ Driver Software

The NI-DAQ driver software isincluded at no charge with all National Instruments DAQ
hardware. NI-DAQ is not packaged with SCXI or accessory products, except for the SCX1-1200.
NI-DAQ has an extensive library of functions that you can call from your application
programming environment. These functions include routines for analog input (A/D conversion),
buffered data acquisition (high-speed A/D conversion), analog output (D/A conversion),
waveform generation, digital I/O, counter/timer operations, SCXI, RTSI, self-calibration,
messaging, and acquiring data to extended memory.

NI-DAQ has both high-level DAQ 1/0 functions for maximum ease of use and low-level DAQ
I/O functions for maximum flexibility and performance. Examples of high-level functions are
streaming data to disk or acquiring a certain number of data points. An example of alow-level
function is writing directly to registers on the DAQ device. NI-DAQ does not sacrifice the
performance of National Instruments DAQ devices because it lets multiple devices operate at
their peak performance.

NI-DAQ also internally addresses many of the complex issues between the computer and the
DAQ hardware such as programming interrupts and DMA controllers. NI-DAQ maintains a
consistent software interface among its different versions so that you can change platforms with
minimal modifications to your code. Figure 1-1 illustrates the relationship between NI-DAQ and
LabVIEW and LabWindows/CVI.

Conventional

Programming LabVIEW LabWindows/CVI

Environment (PC, Macintosh, or (PC or Sun
(PC, Macintosh, or Sun SPARCstation) SPARCstation)
Sun SPARCstation)

|

NI-DAQ
Driver Software

AN

Personal
DAQ or <> Computer or
SCXI Hardware Workstation

Figure 1-1. The Relationship between the Programming Environment,
NI-DAQ, and Y our Hardware
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Register-Level Programming

The final option for programming any National Instruments DAQ hardware isto write register-
level software. Writing register-level programming software can be very time-consuming and
inefficient, and is not recommended for most users.

Even if you are an experienced register-level programmer, consider using NI-DAQ, LabVIEW,
or LabWindows/CV I to program your National Instruments DAQ hardware. Using the NI-DAQ,
LabVIEW, or LabWindows/CVI software is easier than, and as flexible as, register-level
programming, and can save weeks of development time.

Optional Equipment

National Instruments offers a variety of products to use with your PC-DI10O-96 board, including
cables, connector blocks, and other accessories, as follows:

» Cablesand cable assemblies, shielded and ribbon
» Connector blocks, shielded and unshielded 50-pin screw terminals

» Signa conditioning eXtensions for Instrumentation (SCX1) modules and accessories for
isolating, amplifying, exciting, and multiplexing signals for relays and analog output. With
SCXI you can condition and acquire up to 3,072 channels.

e Low channel count signal conditioning modules, boards, and accessories, including
conditioning for strain gauges and RTDs, simultaneous sample and hole, and relays.

For more specific information about these products, refer to your National Instruments catalog or
call the office nearest you.

Cabling

National Instruments offers cables and accessories for you to prototype your application or to use
if you frequently change board interconnections.

The PC-DI0O-96 can be interfaced to a wide range of printers, plotters, test instruments, 1/0 racks
and modules, screw terminal panels, and aimost any device with aparallel interface. The
PC-DIO-96 digital I/0O connector is a standard, 100-pin header connector. Adaptersfor this
header connector expand the interface to four 50-pin ribbon cables, each of which has the pinout
of aPC-DIO-24. The pin assignments of the expansion cables are compatible with the standard
24-channel 1/0 module mounting racks (such as those manufactured by Opto 22 and Gordos).

The CB-100 cable termination accessory is available from National Instruments for use with the
PC-DI10-96 board. Thiskit includes two 50-conductor, flat-ribbon cables and a connector block.
Signal input and output wires can be attached to screw terminals on the connector block and are
therefore connected to the PC-DIO-96 I/O connector.
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The CB-100isuseful for initia prototyping of an application or in situations where PC-DI10O-96
interconnections are frequently changed. Once afinal field wiring scheme has been devel oped,
however, you may want to develop your own cable. This section contains information for the
design of custom cables.

The PC-DI0O-96 1/0 connector is a 100-pin, Centronics-style, male, ribbon-cable header
connector. The manufacturer and the appropriate part number for this connector is as follows:

* Robinson Nugent (part number PSOE-100P1-SR1-TG)

The mating connector for the PC-DIO-96 is a 100-position, polarized, Centronics-style, female,
ribbon-socket connector with strain relief. National Instruments uses a polarized (keyed)
connector to prevent inadvertent upside-down connection to the PC-DIO-96. This 100-pin
connector attaches to two 50-pin cables, each of which can be connected to a 50-pin connector
on the other end. The recommended manufacturer and the appropriate part number for the
100-pin mating connector is as follows:

* Robinson Nugent (part number PS0E-100S-TG)

The recommended manufacturer part numbers for 50-pin, female, ribbon-socket connectors
suitable for use with the preceding connector are:

» Electronic Products Division/3M (part number 3425-7650)
* T&B/Andey Corporation (part number 609-5041CE)

Recommended manufacturers and the appropriate part numbers for the standard ribbon cable
(50-conductor, 28 AWG, stranded) that can be used with both the 100-pin and the 50-pin
connectors are:

» Electronic Products Division/3M (part number 3365/50)
* T&B/Andey Corporation (part number 171-50)

Unpacking

Y our PC-DIO-96 board is shipped in an antistatic package to prevent electrostatic damage to the
board. Electrostatic discharge can damage several components on the board. To avoid such
damage in handling the board, take the following precautions:

» Ground yourself viaagrounding strap or by holding a grounded object.

* Touch the antistatic package to ametal part of your computer chassis before removing the
board from the package.

* Remove the board from the package and inspect the board for loose components or any other
sign of damage. Notify National Instrumentsif the board appears damaged in any way. Do
not install a damaged board into your computer.

* Never touch the exposed pins of connectors.
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Configuration and I nstallation

This chapter describes the PC-DIO-96 jumper configurations, installing the PC-DI10O-96 board in
your computer, signal connections to the PC-DIO-96 board, and cabling instructions.

Board Configuration

The PC-DI0O-96 contains one DIP switch and one jumper to configure the base 1/O address and
interrupts, respectively. The DIP switch and jumper are shown in the parts locator diagram in

Figure 2-1.

The PC-DIO-96 is configured at the factory to a base 1/0 address of hex 180 and to interrupt
level 5. These settings (shown in Table 2-1) are suitable for most systems. However, if your
system has other hardware at this base 1/0 address or interrupt level, you need to change these
settings on the PC-DI10-96 (as described in the following pages) or on the other hardware.
Record your settings in the PC-DIO-96 Hardware and Software Configuration Form in
Appendix D, Customer Communication.

Table 2-1. PC-DIO-96 Factory-Set Switch and Jumper Settings

Base|/O Address

Hex 180
(factory setting)

U26

A9 | (e ~
AS | ]
A7 | ] w
A6 | (.~
A5 | (I

(The black side indicates the side of the
switch that is pushed down.)

Interrupt Level

Interrupt level 5 selected
(factory setting)

W1: Row 5

© National Instruments Corporation
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Figure 2-1. PC-DIO-

Base I/O Address Settings

96 Parts Locator Diagram

The base 1/0 address for the PC-DIO-96 is determined by the switches at position U26 (see
Figure 2-1). The switches are set at the factory for the 1/0O address hex 180. With this default
setting, the PC-DI10O-96 uses the 1/O address space hex 180 through 19F.

Note: Verify that this space is not already used by other equipment installed in your

computer. If any equipment in your computer uses this /O address space, you must
change the base I/0 address for the PC-DIO-96 or for the other device.

Each switch in U26 corresponds to one of the address lines A9 through A5. Thus, the range for
possible base 1/0 address settings is hex 000 through 3E0. Base I/O address values hex 000

through OFF are reserved for system use. Base /0 values hex 100 through 3FF are available on
the I/O channel. A4, A3, A2, Al, and A0 are used by the PC-DI0O-96 to decode accessesto the
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Chapter 2 Configuration and Installation

onboard registers. On the U26 DIP switches, press the side marked OFF to select abinary value
of 1 for the corresponding address bit. Press the other side of the switch to select abinary value

of O for the corresponding address bit. Figure 2-2 shows two possible switch settings. The black
side indicates the side of the switch that is pushed down.

U26

MmO Z0
A9 (. -
A8 | ___HEN]
A7] EN »
A6 [Omm ~
A5 [ o

A. Switches Set to Default Setting (Base 1/0O Address Hex 180)

U26

mTmO Z0
A9l E -
A8 m____N
A7] EE w
A6 [~
A5] HEN] O

B. Switches Set to Base I/0O Address Hex 2A0

Figure 2-2. Example Base I/O Address Switch Settings

Table 2-2 shows all possible switch settings and their corresponding address ranges.
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Table 2-2. Switch Settings with Corresponding Base I/0O Address and

Base 1/0O Address Space

Switch Setting Base I/O Address BaseI/O Address
A9 A8 A7 A6 A5 (hex) Space Used (hex)
0O 0 0O O O 000 000 - 01F
O 0 O 0 1 020 020 - O3F
O 0 O 1 O 040 040 - 05F
O 0 0 1 1 060 060 - O7F
0O 0 1 0 O 080 080 - 09F
O 0 1 0 1 OAO OAO - OBF
O 0 1 1 O 0CO 0CO - ODF
O 0 1 1 1 OEO OEO - OFF
O 1 0 0 O 100 100 - 11F
0O 1 0 0 1 120 120 - 13F
0O 1 0 1 O 140 140 - 15F
O 1 0 1 1 160 160 - 17F
0O 1 1 0 O 180 180 - 19F
O 1 1 0 1 1A0 1A0- 1BF
O 1 1 1 O 1CO 1CO - 1DF
O 1 1 1 1 1EO0 1E0- 1FF
1 0 0 0 O 200 200 - 21F
1 0 0 0 1 220 220 - 23F
1 0 0 1 O 240 240 - 25F
1 0 0 1 1 260 260 - 27F
1 0 1 0 O 280 280 - 29F
1 0 1 0 1 2A0 2A0 - 2BF
1 0 1 1 O 2C0 2C0 - 2DF
1 0 1 1 1 2EQO 2EQ - 2FF
1 1 0 0 O 300 300 - 31F
1 1 0 0 1 320 320 - 33F
1 1 0 1 O 340 340 - 35F
1 1 0 1 1 360 360 - 37F
1 1 1 0 O 380 380 - 39F
1 1 1 0 1 3A0 3A0 - 3BF
1 1 1 1 O 3C0 3C0 - 3DF
1 1 1 1 1 3EO 3EO - 3FF
Note: Base /0 address values 000 through OFF hex arereserved for system use.
Base I/0 address values 100 through 3FF hex are available on the |/O
channel..
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Interrupt Level Selection

Thereis one set of jJumpers for interrupt selection on the PC-DIO-96 board. W1 isused for
selecting the interrupt level. The location of this jumper is shown in Figure 2-1.

The PC-DI0O-96 board can connect to any one of six interrupt lines of the PC I/O Channel:

IRQ3, IRQ4, IRQ5, IRQ6, IRQ7, or IRQ9. Select the interrupt line by setting ajumper on W1.
The default interrupt line is IRQ5. To change to another line, remove the jumper from IRQ5 and
place it on the pins for another request line. Figure 2-3 shows the default factory setting for
IRQ5.

IRQ9 | o o
IRQ7 | o o
IRQG | o o
IRQ5 |
IRQ4 | o o
IRQ3 | o o

Figure 2-3. Interrupt Jumper Setting for IRQ5 (Factory Setting)

The PC-DI0O-96 can share interrupt lines with other devices because it uses a tri-state driver to
driveits selected interrupt line. For information on how to disable this driver, see Chapter 4,
Register-Level Programming.

| nstallation

The PC-DIO-96 can beinstaled in any unused 8-bit, 16-bit, or 32-bit expansion slot in your
computer. After you make any necessary changes and verify the switch and jumper settings,
record them using the PC-DIO-96 Hardware and Software Configuration Form in Appendix D,
Customer Communication. Y ou are now ready to install the PC-DIO-96.

The following are general installation instructions, but consult the user manual or technical
reference manual of your personal computer for specific instructions and warnings. If you want
to install this board in an EISA-class computer, you can obtain a configuration file for the board
by contacting National Instruments.

1. Turn off your computer.

2. Remove the top cover or access port to the 1/O channel.

3. Remove the expansion slot cover on the back panel of the computer.
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4. Insert the PC-DIO-96 in an unused 8-bit, 16-bit, or 32-bit lot. It may be atight fit, but do
not force the board into place.

5. Screw the mounting bracket of the PC-DIO-96 to the back panel rail of the computer.
6. Check theinstallation.
7. Replace the cover to the computer.

Note: [f you have an | SA-class computer and you are using a configurable software package,
such as NI-DAQ, you may need to reconfigure your software to reflect any changesin
jumper or switch settings. If you have an EI SA-class computer, you need to update the
computer'sresource allocation (or configuration) table by reconfiguring your
computer. Seeyour computer’suser manual for information about updating the
configuration table.

The PC-DIO-96 board is now installed and ready for operation.

Signal Connections

This section includes specifications and connection instructions for the signals given on the
PC-DI0-96 I/O connector.

Warning: Connectionsthat exceed any of the maximum ratings of input or output signalson
the PC-DI0O-96 may result in damage to the PC-DI1 0O-96 board and to the PC.
Maximum input ratings for each signal are given in this chapter under the
discussion of that signal. National InstrumentsisNOT liable for any damages
resulting from any such signal connections.
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|/O Connector Pin Description

Configuration and Installation

Figure 2-4 shows the pin assignments for the PC-DIO-96 digital 1/0 connector.

APC7
BPC7
APC6
BPC6
APC5
BPC5
APC4
BPC4
APC3
BPC3
APC2
BPC2
APC1
BPC1
APCO
BPCO
APB7
BPB7
APB6
BPB6
APB5
BPB5
APB4
BPB4
APB3
BPB3
APB2
BPB2
APB1
BPB1
APBO
BPBO
APA7
BPA7
APAG
BPAG
APA5
BPAS
APA4
BPA4
APA3
BPA3
APA2
BPA2
APAL
BPA1
APAQ
BPAO

+5V

GND

1 51
2 52
3 53
4 | 54
5 | 55
6 56
7 57
8 58
9 59
10 | 60
11 | 61
12 | 62
13 | 63
14 | 64
15 | 65
16 | 66
17 | 67
18 | 68
19 | 69
20 | 70
21 | 71
22 | 72
23 | 73
24 | 74
25 | 75
26 | 76
27 | 77
28 | 78
29 | 79
30 | 80
31 | 81
32 | 82
33 | 83
34 | 84
35 | 85
36 | 86
37 | 87
38 | 88
39 | 89
40 | 90
41 | 91
42 | 92
43 | 93
44 | 94
45 | 95
46 | 96
47 | 97
48 | 98
49 | 99
50 | 100

CPC7
DPC7
CPC6
DPC6
CPC5
DPC5
CPC4
DPC4
CPC3
DPC3
CPC2
DPC2
CPC1
DPC1
CPCO
DPCO
CPB7
DPB7
CPB6
DPB6
CPB5
DPBS
CpPB4
DPB4
CPB3
DPB3
CPB2
DPB2
CpPB1
DPB1
CPBO
DPBO
CPA7
DPA7
CPAG
DPAG
CPA5
DPAS5
CPA4
DPA4
CPA3
DPA3
CPA2
DPA2
CPAL
DPAl
CPAO
DPAO
+5V

GND

Figure 2-4. Digita 1/0 Connector Pin Assignments
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|/O Connector Signal Connection Descriptions

Pin Signal Name Description

1,35,7,9 11,13, APC<7.0> Bidirectional Data Linesfor Port C of PPl A—APC7 isthe

15 MSB, APCO the LSB.

17, 19, 21, 23, 25, APB<7..0> Bidirectional Data Linesfor Port B of PPl A—APB7 isthe

27,29, 31 MSB, APBO the LSB.

33, 35, 37, 39, 41, APA<T7..0> Bidirectional Data Linesfor Port A of PPl A—APA7 isthe

43, 45, 47 MSB, APAQ the LSB.

2,4,6,8,10, 12, BPC<7..0> Bidirectional Data Linesfor Port C of PPl B—BPC7 isthe

14, 16 MSB, BPCO the LSB.

18, 20, 22, 24, 26, BPB<7..0> Bidirectional Data Linesfor Port B of PPl B—BPB7 isthe

28, 30, 32 MSB, BPBO the LSB.

34, 36, 38, 40, 42, BPA<7..0> Bidirectional Data Linesfor Port A of PPl B—BPA7 isthe

44, 46, 48 MSB, BPAO the LSB.

51, 53, 55, 57, 59, CPC<7..0> Bidirectional Data Linesfor Port C of PPI C—CPC7 isthe

61, 63, 65 MSB, CPCO the LSB.

67,69, 71, 73, 75, CPB<7..0> Bidirectional Data Linesfor Port B of PPI C—CPB7 isthe

77,79, 81 MSB, CPBO0 the LSB.

83, 85, 87, 89, 91, CPA<7..0> Bidirectional Data Linesfor Port A of PPl C—CPA7 isthe

93, 95, 97 MSB, CPAO the LSB.

52, 54, 56, 58, 60, DPC<7..0> Bidirectional Data Linesfor Port C of PPl D—DPC7 isthe

62, 64, 66 MSB, DPCO the LSB.

68, 70, 72, 74, 76, DPB<7..0> Bidirectional Data Linesfor Port B of PPl D—DPB?7 isthe

78, 80, 82 MSB, DPBO the LSB.

84, 86, 88, 90, 92, DPA<7..0> Bidirectiona Data Linesfor Port A of PPl D—DPA7 isthe

94, 96, 98 MSB, DPAOQ the LSB.

49, 99 (see note +5V +5 Volts—These pins are connected to the computer’s +5 VDC

below) supply.

50, 100 GND Ground—These pins are connected to the computer’s ground

signal.

Note: Pins49 and 99 are connected to the +5 V PC power supply viaa 1 A fuse. Replacement fusesare

available from Allied Electronics, part number 845-2007, or Littelfuse, part number 251001.

Port C Pin Assignments

The signals assigned to port C depend on the mode in which the 82C55A is programmed. In
mode 0, port C is considered astwo 4-bit 1/0 ports. In modes 1 and 2, port C is used for status
and handshaking signals with zero, two, or three lines available for general-purpose 1/0. The
following table summarizes the signal assignments of port C for each programmable mode.
Consult Chapter 4, Register-Level Programming, for programming information.
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Warning: During programming, note that each time a port is configured, output ports A
and C arereset to 0, and output port B is undefined.

Table 2-3. Port C Signal Assignments

Programming Mode Group A Group B

PC7 PC6 PC5 PC4 PC3 PC2 PC1 PCO
Mode O 1/O 1/0 1/O 1/0 1/O 1/0 1/O 1/0
Mode 1 Input 110 1/0 IBFA [ STBa* |INTRA |[STB* |IBFBR [INTRB
Mode 1 Output OBFap* | ACKa* | 1/0 1/0 INTRA |[ACKg* | OBFg* | INTRB
Mode 2 OBFa* | ACKA* [IBFA | STBA* [INTRa |1/0 1/O 1/0

* Indicates that the signal is active low.

Cable Assembly Connectors

The cable assembly listed under Optional Equipment in Chapter 1 is an assembly of two 50-pin
cables and three connectors. Both cables are joined to a single connector on one end and to
individual connectors on the free ends. The connector that joins the two cablesis a 100-pin
connector that plugs into the 1/0 connector of the PC-DIO-96. The other two connectors are
50-pin connectors, one of which is connected to pins 1 through 50 of the PC-DIO-96 1/0
connector, and the other of which is connected to pins 51 through 100 of the PC-DIO-96 I/O
connector. The cable with the label on it is connected to pins 1 through 50. Figures 2-5 and 2-6
show the pin assignments for the 50-pin connectors on the cable assembly.
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APC7

APCG6
APC5

APC4
APC3
APC2
APC1
APCO
APB7
APB6
APB5
APB4
APB3
APB2
APB1
APBO
APA7
APAG
APA5
APA4
APA3
APA2
APA1
APAOQ

+5V

|l | ~(N

11|12

13|14

15|16

17|18

1920

21|22

23|24

25126

27|28

29130

31|32

33|34

35|36

37|38

39|40

41| 42

43| 44

45 | 46

47|48

49|50

BPC7
BPC6
BPC5
BPC4
BPC3
BPC2
BPC1
BPCO
BPB7

BPB6
BPB5

BPB4
BPB3
BPB2
BPB1
BPBO
BPA7
BPAG
BPAS
BPA4
BPA3
BPA2
BPAl
BPAO
GND

Figure 2-5. Cable-Assembly Connector Pinout for Pins 1 through 50
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CPC7
CPC6
CPC5
CPC4
CPC3
CPC2
CPC1
CPCO
CPB7
CPB6

CPB5
CPB4
CPB3
CPB2
CpPB1

CPBO
CPA7
CPAG6
CPA5
CPA4
CPA3
CPA2
CPAl1

CPAO
+5V

|l | ~(N

11|12

13|14

15|16

17|18

1920

21|22

23|24

25126

27|28

29130

31|32

33|34

35|36

37|38

39|40

41| 42

43| 44

45 | 46

47|48

49|50

DPC7
DPC6
DPC5
DPC4
DPC3
DPC2
DPC1
DPCO
DPB7

DPB6
DPB5

DPB4
DPB3
DPB2
DPB1
DPBO
DPA7
DPAG
DPA5
DPA4
DPA3
DPA2
DPA1
DPAO
GND

Configuration and Installation

Figure 2-6. Cable-Assembly Connector Pinout for Pins 51 through 100
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Pins 1 through 48 and pins 51 through 98 of the 1/0 connector are digital 1/0 signal pins. The

following specifications and ratings apply to the digital 1/O lines.

Absolute maximum voltage rating -0.5to +5.5 V with respect to GND

Digital input specifications (referenced to GND):

Input logic high voltage 2.2V minimum
Input logic low voltage -0.3 V minimum
Maximum input current (0 <Vijn<5V) -1.0 HJA minimum

Digital output specifications (referenced to GND):

Output logic high voltage 3.7V minimum
aloyt=-25mA

Output logic low voltage 0.0 V minimum
aloyt=25mA

Output current 4.0 mA minimum
aVg =05V

Output current 4.0 mA minimum
aVoy =27V

5.3V maximum
0.8 V maximum
1.0 pA maximum

5.0 V maximum

0.4V maximum

Figure 2-7 depicts signal connections for three typical digital 1/0 applications.
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= WA 41
43 PPIA
Port A
45 APA<3..0>
47
[ Dc o7
69
TTL Signal - PPIC
Port B
CPB<7..4>
+5V €——AMA I 3
Switch
50, 100
/—> GND
1/0 Connector

;

Figure 2-7. Digital 1/0 Connections

PC-DIO-96 Board

In Figure 2-7, PPl A, port A is configured for digital output, and PPI C, port B is configured for
digital input. Digital input applicationsinclude receiving TTL signals and sensing external
device states such as the state of the switch in Figure 2-7. Digital output applications include
sending TTL signals and driving external devices such asthe LED shown in Figure 2-7.

Power Connections

Pins 49 and 99 of the I/O connector are connected to the +5 V supply from the PC power supply.
These pins are referenced to GND and can be used to power external digital circuitry. For more
information on these output pins, see Output Sgnals in Appendix A.

Power rating 0.5A perpinat +5V + 10%
Warning: Under no circumstances should these +5-V power pins be connected directly to
ground or to any other voltage source on the PC-DIO-96 or any other device.

Doing so may damage the PC-DIO-96 and the PC. National I nstrumentsis NOT
liable for damage resulting from such a connection.
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Timing Specifications

This section lists the timing specifications for handshaking with the PC-DIO-96. The
handshaking lines STB* and IBF synchronize input transfers. The handshaking lines OBF* and
ACK* synchronize output transfers.

The following signals are used in the timing diagrams later in this chapter:

Name Type Description

STB* Input Strobe Input—A low signal on this handshaking line loads data
into the input latch.

IBF Output Input Buffer Full—A high signal on this handshaking line
indicates that data has been loaded into the input latch. Thisis
an input acknowledge signal.

ACK* Input Acknowledge Input—A low signal on this handshaking line
indicates that the data written to the port has been accepted.
Thissigna is aresponse from the external device indicating that
it has received the data from the PC-DIO-96.

OBF* Output Output Buffer Full—A low signal on this handshaking line
indicates that data has been written to the port.

INTR Output Interrupt Request—This signal becomes high when the 82C55A
reguests service during adata transfer. The appropriate interrupt
enable bits must be set to generate thissignal.

RD* Internal Read Signal—This signal isthe read signal generated from the
control lines of the computer's 1/0 expansion bus.

WR* Internal Write Signal—This signal is the write signal generated from the
control lines of the computer's 1/0 expansion bus.

DATA Bidirectiona Data Lines at the Specified Port—This signal indicates the
availabhility of data on the datalines at a port that isin the output
mode. If the port isin the input mode, this signal indicates
when the data on the data lines should be valid.
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Mode 1 Input Timing

The following figure illustrates the timing specifications for an input transfer in mode 1.

; — |
i T2 E i T4
STB* —IH >
1 ; ' I T
I a—
IBF : | I : VTe : I—
: : <> :
INTR E ; -
. T3 E T5 .
DATA
Name Description Minimum Maximum
T1 STB* pulsewidth 100 -
T2 STB*=0toIBF=1 - 150
T3 Data before STB* =1 20 -
T4 STB*=1t0INTR=1 - 150
T5 Data after STB* =1 50 -
T6 RD* =0toINTR=0 - 200
T7 RD* =1toIBF=0 - 150

All timing values are in nanoseconds.
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Mode 1 Output Timing

Chapter 2

The following figure illustrates the timing specifications for an output transfer in mode 1.

R ;
WR* —\—d—b.
I B R
OB : — —
i‘ n | > | PoTe
INTR : | ‘_’I—
ACK* : D L
| I
DATA ><
D
-~
Name Description Minimum  Maximum
T1 WR* =0toINTR=0 - 250
T2 WR* = 1 to output - 200
T3 WR* =1to OBF* =0 - 150
T4 ACK* =0to OBF* =1 - 150
T5 ACK* pulsewidth 100 -
T6 ACK* =1t0INTR=1 - 150
All timing values are in nanoseconds.
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Mode 2 Bidirectional Timing

The following figure illustrates the timing specifications for bidirectional transfersin mode 2.

1 ;
WR* — H
i ' T6 :
OBF* | >
INTR — :
| I T7
ACK* : '
' .|—
STB* —r_’ : :
< N D
R L
E T2 i T5 ' T8 ' T9 E
— >

Name Description Minimum Maximum
Tl WR* =1to OBF* =0 - 150
T2 Data before STB* =1 20 -
T3 STB* pulsewidth 100 -
T4 STB* =0toIBF=1 - 150
T5 Data after STB* =1 50 —
T6 ACK* =0toOBF =1 - 150
T7 ACK* pulsewidth 100 —
T8 ACK* =0 to output - 150
T9 ACK* =1 to output float 20 250
T10 RD* =1toIBF=0 - 150

All timing values are in nanoseconds.
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Chapter 3
Theory of Operation

This chapter contains afunctiona overview of the PC-DI0O-96 board and explains the operation
of each functional unit making up the PC-DIO-96.

The block diagram in Figure 3-1 illustrates the key functional components of the PC-DIO-96
board.

2N PN

8
_ ¢ Port A £>
i OKI < PortB 8£>
P 82C55A PPI PortC 8
PortA 8
¢ >
<« % p| D g OKI Port B ‘8
O Transceiver I 82C55A PPI %Portc 8 _
= 7> e
% Py - PortA 8 8
O <2 hanne | ok PortB 8 c
O [« | Channel ? ! el =
O Control ® portc 8 5
= < O
O < _ PortA 8 o)
P |gt§rl’];;13t : : OKI PortB '8 =
Circuitry |« _ | 82C55A PPI PortC 8 .
)
7| 8253 Timer
-]
+5 VDC s -

v 1 A Fuse v

Figure 3-1. PC-DIO-96 Block Diagram

The PC 1/0 channel consists of an address bus, a data bus, interrupt lines, and several control and
support signals.
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Data Transceivers

The data transceivers control the sending and receiving of datato and from the PC /O channel.

PC I/0O Channel Control Circuitry

The base address used by the board is determined by an onboard switch setting. The address on
the PC /O channel bus is monitored by the address decoder, which is part of the 1/0 channel
control circuitry. If the address on the bus matches the selected |1/O base address of the board,
the board is enabled and the corresponding register on the PC-DI10-96 is accessed.

In addition, the 1/O channel control circuitry monitors and transmits the PC 1/O channel control
and support signals. The control signalsidentify transfers as read or write, memory or 1/O, and
8-bit, 16-hit, or 32-bit transfers. The PC-DIO-96 uses only 8-hit transfers.

82C55A Programmable Peripheral Interface

The four 82C55A PPI chips are the heart of the PC-DIO-96. Each of these chips has 24
programmable I/O pins that represent three 8-bit ports: PA, PB, and PC. Each port can be
programmed as an input or an output port. The 82C55A has three modes of operation: simple
I/0O (mode 0), strobed I/0O (mode 1), and bidirectional I/0O (mode 2). In modes 1 and 2, the three
ports are divided into two groups. group A and group B. Each group has eight data bits and four
control and status bits from port C (PC). Modes 1 and 2 use handshaking signals from port C to
synchronize data transfers. Refer to Chapter 4, Register-Level Programming, or to Appendix B,
OKI 82C55A Data Sheet, for more detailed information.

8253 Programmable Interval Timer

The 8253 Programmable Interval Timer is used to generate timed interrupt requests to the host
computer. The 8253 has three 16-bit counters, which can each be used in one of six different
modes. The PC-DI0O-96 uses two of the counters to generate interrupt requests; the third counter
isnot used and is not accessible to the user. Refer to Chapter 4, Register-Level Programming, or
to Appendix C, AMD 8253 Data Sheet, for more detailed information.

Interrupt Control Circuitry

The interrupt level used by the PC-DI0O-96 is selected by the onboard jumper, W1. Two
software-controlled registers determine which devices, if any, generate interrupts. Each of the
four 82C55A devices has two interrupt lines, PC3 and PCO, connected to the interrupt circuitry.
The 8253 device has two of its three counter outputs connected to the interrupt circuitry. Any of
these 10 signals can interrupt the host computer if the interrupt circuitry is enabled and the
corresponding enable bit is set (see Chapter 4, Register-Level Programming, for more
information). Normally, PC3 and/or PCO of the 82C55A devices are controlled by the
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handshaking circuitry; however, either of these two lines can be configured for input and used as
external interrupts. An interrupt occurs on the low-to-high transition of the signal line. Refer to

Chapter 4, Register-Level Programming, Appendix B, OKI 82C55A Data Sheet, or Appendix C,
AMD 8253 Data Sheet, for more detailed information.

Digital /0O Connector

All digital 1/O istransmitted through a standard, 100-pin, male connector. Pins49 and 99 are
connected to +5 V through a protection fuse (F1). This+5 V supply is often required to operate
I/O module mounting racks. Pins 50 and 100 are connected to ground. See Chapter 2,
Configuration and Installation, for additional information.
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Chapter 4
Register-L evel Programming

This chapter describesin detail the address and function of each of the PC-DIO-96 control and
status registers. This chapter also includes important information about register-level
programming the PC-DIO-96.

The PC-DIO-96 isa parallel digital I/0 board designed around four 82C55A integrated circuits
and one 8253 integrated circuit. The 82C55A is a general-purpose peripheral interface
containing 24 programmable I/O pins. These pins represent the three 8-bit 1/0 ports (A, B, and
C) of the 82C55A. These ports can be programmed as two groups of 12 signals or as three
individual 8-hit ports. The 8253 is a general-purpose counter/timer that is used to send periodic
interrupts to the host computer. This chapter includes register-level programming information
for the PC-DI10O-96, along with program examples written in C and assembly language.

Note: If you plan to use a programming software package such as LabWindows/CVI or
NI-DAQ with your PC-DIO-96 board, you need not read this chapter.

| ntroduction

The three 8-bit ports of the 82C55A are divided into two groups: group A and group B (two
groups of 12 signals). One 8-hit control word selects the mode of operation for each group. The
group A control bits configure port A (A7 through AQ) and the upper 4 bits (nibble) of port C
(C7 through C4). The group B control bits configure port B (B7 through BO) and the lower
nibble of port C (C3 through C0). These configuration bits are defined in the Register
Description for the 82C55A section later in this chapter. Because there are four 82C55A PPI
devices on the board, they are referenced as PPl A, PPI B, PPI C, and PPI D when differentiation
IS required.

The three 16-bit counters of the 8253 are accessed through individual data ports and controlled
by one 8-bit control word. The control word selects how the counter data ports are accessed and
what mode the counter uses. The configuration bits are defined in the Register Description for
the 8253 section later in this chapter.

In addition to the 82C55A devices and the 8253 device, there are two registers that select which
onboard signals are capable of generating interrupts. There are two interrupt signals from each
of the four 82C55A devices and two interrupt signals from the 8253 device. Individual enable
bits select which of these 10 signals can generate interrupts. Also, a master enable signal
determines whether the board can actually send a request to the host computer. The
configuration bits for these registers are defined in the Register Description for the Interrupt
Control Registers section later in this chapter.

© National Instruments Corporation 4-1 PC-DIO-96 User Manual



Register-Level Programming

Register Map

The following table lists the address map for the PC-DIO-96.

Table4-1. PC-DIO-96 Address Map

Chapter 4

Register Name Offset Address Size Type
(Hex)
82C55A Register Group
PPl A
PORTA Register 00 8-bit Read-and-write
PORTB Register 01 8-bit Read-and-write
PORTC Register 02 8-bit Read-and-write
CNFG Register 03 8-hit Write-only
PPI B
PORTA Register 04 8-bit Read-and-write
PORTB Register 05 8-bit Read-and-write
PORTC Register 06 8-bit Read-and-write
CNFG Register 07 8-bit Write-only
PPI C
PORTA Register 08 8-hit Read-and-write
PORTB Register 09 8-bit Read-and-write
PORTC Register 0A 8-bit Read-and-write
CNFG Register 0B 8-bit Write-only
PPI D
PORTA Register 0C 8-hit Read-and-write
PORTB Register oD 8-bit Read-and-write
PORTC Register OE 8-bit Read-and-write
CNFG Register OF 8-bit Write-only
8253 Register Group
PORTA Register 10 8-bit Read-and-write
PORTB Register 11 8-bit Read-and-write
PORTC Register 12 8-bit Read-and-write
CNFG Register 13 8-hit Write-only
Interrupt Control
Register Group
Register 1 14 8-hit Write-only
Register 2 15 8-bit Write-only
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Register Descriptions

The register descriptions for the devices on the PC-DIO-96, including the 82C55A, the 8253, and
each of the interrupt control registers, are given on the pages that follow.

Register Description for the 82C55A

Figure 4-1 shows the two control word formats used to completely program the 82C55A. The
control word flag determines which control word format is being programmed. When the control
word flag is 1, bits 6 through 0 select the I/O characteristics of the 82C55A ports. These bits also
select the mode in which the ports are operating (that is, mode O, mode 1, or mode 2). When the
control word flag is 0, bits 3 through O select the bit set/reset format of port C.

Group A Group B
D7 D6 D5 D4 D3 D2 D1 DO
Control Wor A A A A A A A A
Fla Port C
= _— ——  (low nibble)
1 = mode set 1 =input
0 = output
Mode Selection
00 = mode 0 Port B
01 =mode 1 1 =input
1X = mode 2 0 = output
PortA Mode Selection
1= input 0 =mode 0
0 = output 1=mode 1
Port C
(high nibble)
1 =input
0 = output a Mode Set Word Format
D7 D6 D5 D4 D3 D2 D1 DO
A A A A A A A A
Control Word Bit Set/Reset
Flag —— 1=set
0 = bit set/reset 0 =reset
Unused Bit Select
- (000)
(001)
(010)
(111)
b. Bit Set/Reset Word Format

Figure 4-1. Control Word Formats for the 82C55A
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During programming, note that each time a port is configured, output ports A
and C arereset to 0, and output port B is undefined.

Warning:

Table 4-2 shows the control words for setting or resetting each bit in port C. Notice that bit 7 of
the control word is cleared when programming the set/reset option for the bits of port C.

Table 4-2. Port C Set/Reset Control Words

Bit Bit Set Bit Reset TheBit Set or
Number Control Word Control Word Reset in Port C
0 Oxxx0001 Oxxx0000 XXXXXXXD
1 Oxxx0011 Oxxx0010 XXXXXXbX
2 Oxxx0101 Oxxx0100 XXXXXDXX
3 Oxxx0111 Oxxx0110 XXXXPXXX
4 Oxxx1001 Oxxx1000 XXXDXXXX
5 Oxxx1011 Oxxx1010 XXDXXXXX
6 Oxxx1101 Oxxx1100 XPXXXXXX
7 Oxxx1111 Oxxx1110 PXXXXXXX

Register Description for the 8253

Figure 4-2 shows the control word format used to completely program the 8253. Bits 7 and 6 of
the control word select the counter to be programmed. Bits 5 and 4 select the mode by which the
count data is written to and read from the selected counter. Bits 3, 2, and 1 select the mode for
the selected counter. Bit O selects whether the counter counts in binary or BCD format.

D7 D6 D5 D4 D3 D2 D1 DO

o}
(@]
lw}

Counter Select
00 = counter O
01 = counter 1
10 = counter 2

1 =countin BCD
0 = count in binary

11 =illegal

Access Mode Mode Select

00 = latch counter value 000 = mode 0

01 = access LSB only 001 = mode 1

10 = access MSB only 010 = mode 2

11 = access LSB, then MSB 011 = mode 3
100 = mode 4
101 = mode 5
110 = mode 2
111 = mode 3

Figure 4-2. Control-Word Format for the 8253
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Chapter 4 Register-Level Programming

Register Description for the Interrupt Control Registers

There are two interrupt control registers on the PC-DIO-96. One of these registers has individual
enable bits for the two interrupt lines from each of the 82C55A devices. The other register has a
master interrupt enable bit and two bits for the timed interrupt circuitry. Of the latter two bits,
one bit enables counter interrupts, while the other selects counter O or counter 1. The bit maps
and signal definitions are listed as follows.
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Interrupt Control Register 1

D7 D6 D5 D4 D3 D2 D1 DO
[ DIRO1 | DIRQO | CIRQ1L | CIRQ0 [ BIRQ1 [ BIRQDO [ AIRQL | AIRQD |

Bit Name Description

7 DIRQ1 PPI D Interrupt Reguest for Port B—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl D sends an
interrupt, INTRB, to the host computer. If thishit is cleared, PPl D
does not send the interrupt INTRB to the host computer, regardless
of the setting of INTEN.

6 DIRQO PPI D Interrupt Request for Port A—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl D sends an
interrupt, INTRA, to the host computer. If thisbit is cleared,

PPI D does not send the interrupt INTRA to the host computer,
regardless of the setting of INTEN.

5 CIRQ1 PPI C Interrupt Request for Port B—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl C sends an
interrupt, INTRB, to the host computer. If thishbit iscleared, PPI C
does not send the interrupt INTRB to the host computer, regardless
of the setting of INTEN.

4 CIRQO PPI C Interrupt Request for Port A—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl C sends an
interrupt, INTRA, to the host computer. If thisbit iscleared, PPl C
does not send the interrupt INTRA to the host computer, regardless
of the setting of INTEN.

3 BIRQ1 PPI B Interrupt Request for Port B—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl B sends an
interrupt, INTRB, to the host computer. If thisbit is cleared, PPl B
does not send the interrupt INTRB to the host computer, regardless
of the setting of INTEN.

2 BIRQO PPI B Interrupt Request for Port A—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl B sends an
interrupt, INTRA, to the host computer. If thisbit iscleared, PPl B
does not send the interrupt INTRA to the host computer, regardless
of the setting of INTEN.
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Bit Name Description (continued)

1 AIRQ1 PPI A Interrupt Request for Port B—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl A sends an
interrupt, INTRB, to the host computer. If thishit is cleared, PPl A
does not send the interrupt INTRB to the host computer, regardless
of the setting of INTEN.

0 AIRQO PPI A Interrupt Request for Port A—If this bit and the INTEN bit
in Interrupt Control Register 2 are both set, PPl A sends an
interrupt, INTRA, to the host computer. If thisbit is cleared,

PPI A does not send the interrupt INTRA to the host computer,
regardless of the setting of INTEN.
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Interrupt Control Register 2

D7 D6 D5 D4 D3 D2 D1 DO
| X [ X [ X [ X [ X [ INTEN [ CTRIRQ | CTR1 |
Bit Name Description
7-3 X Don’'t Care Bit.
2 INTEN Global Interrupt Enable Bit—If this bit is set, the PC-DIO-96 can

interrupt the host computer. If thisbit is cleared, the PC-DIO-96
interrupt lineis put into high-impedance mode, so other devices
can use the interrupt channel selected by jumper W1.

1 CTRIRQ Counter Interrupt Enable Bit—If thisbit is set, the 8253 counter
outputs can interrupt the host computer. If thisbit is cleared, the
counter outputs have no effect.

0 CTR1 Counter 1 Enable Bit—If this bit is set, the output from counter 1
of the 8253 is connected to the interrupt request circuitry. Inthis
mode, counter O of the 8253 acts as a frequency scaler for
counter 1, which generates the interrupt. If CTR1 iscleared, the
output from counter 0 of the 8253 is connected to the interrupt
request circuitry. Inthis mode, counter O generates the interrupt.
For more information, see the section later in this chapter on
programming interrupts using the 8253.
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Programming Considerations for the 82C55A
M odes of Operation for the 82C55A

The three basic modes of operation for the 82C55A are as follows:

* ModeO0—Basic /O

* Mode 1—Strobed 1/0

* Mode 2—Bidirectional bus

The 82C55A aso has asingle bit set/reset feature for port C, which is programmed by the 8-bit
control word. For additional information, refer to Appendix B, OKI 82C55A Data Sheet.
ModeO

This mode can be used for ssimple input and output operations for each of the ports. No
handshaking is required; datais simply written to or read from a specified port.

Mode 0 has the following features:
» Two 8-hit ports (A and B) and two 4-bit ports (upper and lower nibbles of port C).
* Any port can beinput or outpui.

» Outputs are latched, but inputs are not latched.

Mode 1

This mode transfers data that is synchronized by handshaking signals. Ports A and B use the
eight lines of port C to generate or receive the handshake signals. This mode divides the ports
into two groups (group A and group B) and includes the following features:

»  Each group contains one 8-hit data port (port A or port B) and one 4-hit control/data port
(upper or lower nibble of port C).

»  The8-hit data ports can be either input or output, both of which are latched.
e The4-hit ports are used for control and status of the 8-bit data ports.

* Interrupt generation and enable/disable functions are available.
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Mode 2

This mode can be used for communication over abidirectional 8-bit bus. Handshaking signals
are used in amanner similar to mode 1. Mode 2 is available for usein group A only (port A and
the upper nibble of port C). Other features of this mode include the following:

* One8-hit bidirectional port (port A) and a 5-bit control/status port (port C).

» Latched inputs and outputs.

* Interrupt generation and enable/disable functions.

Single Bit Set/Reset Feature

Any of the eight bits of port C can be set or reset with one control word. This feature generates
control signalsfor port A and port B when these ports are operating in mode 1 or mode 2.
Mode 0—Basic |/O

Mode 0 can be used for simple I/O functions (no handshaking) for each of the three ports. Each
port can be assigned as an input or an output port. The 16 possible I/O configurations are shown

in Table 4-3. Noticethat bit 7 of the control word is set when programming the mode of
operation for each port.
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Table 4-3. Mode 0 1/0 Configurations

Control Word Group A Group B
Number Bit Port A Port Ct Port B Port C?
76543210
0 10000000 Output Output Output Output
1 10000001 Output Output Output I nput
2 10000010 Output Output I nput Output
3 10000011 Output Output Input Input
4 10001000 Output I nput Output Output
5 10001001 Output I nput Output Input
6 10001010 Output Input Input Output
7 10001011 Output I nput I nput I nput
8 10010000 I nput Output Output Output
9 10010001 Input Output Output Input
10 10010010 Input Output Input Output
11 10010011 Input Output Input Input
12 10011000 I nput Input Output Output
13 10011001 I nput I nput Output I nput
14 10011010 I nput I nput I nput Output
15 10011011 I nput I nput Input Input
1 Upper nibble of port C
2 Lower nibble of port C

Mode 0 Programming Example

The following example shows how to configure PPI A for various combinations of mode O input
and output. This code is strictly an example and is not intended to be used without modification
in apractical situation.

Mai n() {

#defi ne BASE ADDRESS 0x180 /* Board |ocated at address 180 */

#def i ne APORTAof f set 0x00 /* Ofset for PPl A port A */

#def i ne APORTBof f set 0x01 /* Ofset for PPl A port B */

#def i ne APORTCof f set 0x02 /* OFfset for PPl A port C*/

#def i ne ACNFCof f set 0x03 /* OFfset for PPl A CNFG */

unsi gned int porta, portb, portc, cnfg;

char val read; /* Variable to store data read froma
port */

/* Calculate regi ster addresses */

© National Instruments Corporation 4-11 PC-DIO-96 User Manual



Register-Level Programming

porta = BASE ADDRESS + APORTAof f set;
portb = BASE ADDRESS + APORTBOof f set;
portc = BASE ADDRESS + APORTCof f set;
cnfg = BASE _ADDRESS + ACNFCof f set ;
/* EXAMPLE 1*/

out p(cnf g, 0x80); /*
out p(porta, 0x12); /*
out p(portb, 0x34); /*
out p( portc, 0x56) ; /*
/* EXAMPLE 2*/

out p(cnf g, 0x90); /*
out p(portb, 0x22); /
out p( portc, 0x55); /*
valread = inp(porta); /*

/* EXAMPLE 3 */

out p(cnf g, 0x82); /*

/* EXAMPLE 4 */

out p(cnf g, 0x89); /*

}

Mode 1—Strobed I nput

Ports A, B, and C are
Wite data to port A
Wite data to port B.
Wite data to port C

Port A is input;
out puts. */

* Wite data to port B.

Wite data to port C

Read data fromport A

Ports A and C are outputs;

is an input. */

Ports A and B are outputs;

is an input. */

Chapter 4

out puts. */
*/
*/
*/

ports B and C are

*/
*/
*/

port B

port C

In mode 1, the digital 1/0 bits are divided into two groups. group A and group B. Each of these
groups contains one 8-bit port and one 4-bit control/data port. The 8-bit port can be either an
input or an output port, and the 4-bit port is used for control and status information for the 8-bit
port. The transfer of datais synchronized by handshaking signalsin the 4-bit port.

The control word written to the CNFG Register to configure port A for input in mode 1 is shown
asfollows. Bits PC6 and PC7 of port C can be used as extrainput or output lines.

D7 D6 D5 D4

D3 D2 D1 DO

1/0 X X X

Port C bits PC6 and PC7

1 =input
0 = output
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The control word written to the CNFG Register to configure port B for input in mode 1 is shown
asfollows. Notice that port B does not have extrainput or output lines from port C.

D7 D6 D5 D4 D3 D2 D1 DO

During amode 1 data read transfer, the status of the handshaking lines and interrupt signals can
be obtained by reading port C. The port C status-word bit definitions for an input transfer are
shown as follows.

Port C status-word bit definitions for input (port A and port B):

D7 D6 D5 D4 D3 D2 D1 DO
| /O | 1O | IBFA | INTEA | INTRA | INTEB | IBFB | INTRB |
Bit Name Description
7-6 1/O Input/Output—T hese bits can be used for general-purpose 1/0

when port A isin mode 1 input. If these bits are configured for
output, the port C bit set/reset function must be used to manipulate
them.

5 IBFA Input Buffer for Port A—A high setting indicates that data has
been loaded into the input latch for port A.

4 INTEA Interrupt Enable Bit for Port A—Setting this bit enables interrupts
from port A of the 82C55A . Thishit is controlled by
setting/resetting PCA4.

3 INTRA Interrupt Request Status for Port A—When INTEA and IBFA are
high, this bit is high, indicating that an interrupt request is pending
for port A.

2 INTEB Interrupt Enable Bit for Port B—Setting this bit enables interrupts

from port B of the 82C55A . Thisbit is controlled by
Setting/resetting PC2.

1 IBFB Input Buffer for Port B—A high setting indicates that data has
been loaded into the input latch for port B.

0 INTRB Interrupt Request Status for Port B—When INTEB and IBFB are
high, this bit is high, indicating that an interrupt request is pending
for port B.
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At the digital I/0O connector, port C has the following pin assignments when in mode 1 input.
Notice that the status of STBA* and the status of STBB* are not included in the port C status
word.

A | oy o |q—p

PC6 o a—p

Group A PC5 IBFA |—p
PC4 STBA* |€——

Yy | PC3 INTRA —»

A PC2 STBB* €&——

Group B PC1 IBFB —P
y | PCO | INTRB [P

Mode 1 Input Programming Example

The following example shows how to configure PPl A for various combinations of mode 1 input.
This codeis strictly an example and is not intended to be used without modification in a practical
situation.

Mai n() {

#defi ne BASE ADDRESS 0x180 /* Board |ocated at address 180 */

#def i ne APORTAof f set 0x00 /* Ofset for PPl A port A */

#def i ne APORTBof f set 0x01 /* Ofset for PPl A port B */

#def i ne APORTCof f set 0x02 /* Offset for PPl A port C*/

#def i ne ACNFCof f set 0x03 /* OFfset for PPl A CNFG */

unsi gned int porta, portb, portc, cnfg;

char val read; /* Variable to store data read froma
port */

/* Calculate regi ster addresses */

porta = BASE_ADDRESS + APCRTAof f set ;
portb = BASE_ADDRESS + APCRTBof f set ;
portc = BASE ADDRESS + APORTCof f set ;
cnfg = BASE ADDRESS + ACNFCof f set;

/* EXAMPLE 1-port A input */

out p(cnf g, 0xBO) ; /[* Port Ais an input in node 1. */

while (!(inp(portc) & 0x20)); /* WAit until IBFA is set, indicating that
data has been | oaded in port A */

valread = inp(porta); /* Read the data fromport A */

/* EXAVPLE 2-Port B input */

out p(cnf g, 0x86) ; /[* Port Bis an input in node 1. */

while (!(inp(portc) & 0x02)); /[* Wit until IBFB is set, indicating that
data has been | oaded in port B. */

val read = inp(porth);

}
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Mode 1—Strobed Output

The control word written to the CNFG Register to configure port A for output inmode 1 is
shown asfollows. Bits PC4 and PC5 of port C can be used as extrainput or output lines.

D7 D6 D5 D4 D3 D2 D1 DO

1 0 1 0 1/0 X X X

Port C bits PC4 and PC5
1 =input
0 = output

The control word written to the CNFG Register to configure port B for output in mode 1 is
shown asfollows. Notice that port B does not have extrainput or output lines from port C.

D7 D6 D5 D4 D3 D2 D1 DO

During amode 1 data write transfer, the status of the handshaking lines and interrupt signals can
be obtained by reading port C. Notice that the bit definitions are different for awrite and aread
transfer.

Port C status-word bit definitions for output (port A and port B):

D7 D6 D5 D4 D3 D2 D1 DO
[ OBFA* | INTEA | 11O | /O | INTRA | INTEB | OBFB* | INTRB |
Bit Name Description
7 OBFA* Output Buffer for Port A—A low setting indicates that the CPU
has written datato port A.
6 INTEA Interrupt Enable Bit for Port A—Setting this bit enables interrupts

from port A of the 82C55A. This bit is controlled by
setting/resetting PC6.

54 1/O I nput/Output—T hese bits can be used for general-purpose 1/0
when port A isin mode 1 output. If these bits are configured for
output, the port C bit set/reset function must be used to manipulate
them.

3 INTRA Interrupt Request Status for Port A—When INTEA and OBFA*
are high, this bit is high, indicating that an interrupt request is
pending for port A.
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Bit Name Description (continued)

2 INTEB Interrupt Enable Bit for Port B—Setting this bit enables interrupts
from port B of the 82C55A. Thisbit is controlled by
setting/resetting PC2.

1 OBFB* Output Buffer for Port B—A low setting indicates that the CPU
has written data to port B.

0 INTRB Interrupt Request Status for Port B—When INTEB and OBFB* are
high, this bit is high, indicating that an interrupt request is pending
for port B.

At the digital I/0O connector, port C has the following pin assignments when in mode 1 output.
Notice that the status of ACKA* and the status of ACKB* are not included when port C is read.

A PC7 OBFA*

—»

PC6 | ACKA* \q——

Group A PC5 o |4
PC4 o |4—p

y | PC3 INTRA —»

A PC2 ACKB* [€——

Group B PC1 | OBFB* —P
—

Yy | PCO INTRB

Mode 1 Output Programming Example

The following example shows how to configure PPI A for various combinations of mode 1
output. Thiscodeis strictly an example and is not intended to be used without modification in a
practical situation.

Mai n() {

#defi ne BASE_ADDRESS 0x180 /* Board | ocated at address 180 */
#def i ne APORTAof f set 0x00 /[* OFfset for PPl A port A */
#def i ne APORTBof f set 0x01 /* Ofset for PPl A port B */
#def i ne APORTCof f set 0x02 /* Ofset for PPl A port C */
#defi ne ACNFGof f set 0x03 /* Offset for PPl A CNFG */

unsi gned int porta, portb, portc, cnfg;

char val read; /* Variable to store data read froma

port */

/* Calculate register addresses */

porta = BASE ADDRESS + APORTAof f set;
portb = BASE ADDRESS + APORTBOof f set;
portc = BASE ADDRESS + APORTCof f set;
cnfg = BASE ADDRESS + ACNFGof f set;

/* EXAMPLE 1-port A output */
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out p(cnf g, OXA0) ;
while (!(inp(portc) & 0x80));
out p(porta, 0x12);
/* EXAVPLE 2-port B output */
out p(cnf g, 0x84);
while (!(inp(portc) & 0x02));

out p(portb, 0x34);

M ode 2—Bidirectional Bus

/*

~

/*

Register-Level Programming

Port Ais an output in node 1.*/
Wait until OBFA* is set, indicating
that the data last witten to port A
has been read. */

Wite data to port A */

Port Bis an output in node 1.*/
Wait until OBFB* is set, indicating
that the data last witten to port B
has been read. */

Wite the data to port B. */

Mode 2 has an 8-hit bus that can transfer both input and output data without changing the
configuration. The data transfers are synchronized with handshaking linesin port C. This mode
uses only port A; however, port B can be used in either mode O or mode 1 while port A is

configured for mode 2.

The control word written to the CNFG Register to configure port A as a bidirectional data busin
mode 2 is shown asfollows. If port B is configured for mode 0, then PC2, PC1, and PCO of port
C can be used as extra input or output lines.

D7 D6 D5

D4

D3

D2 D1 DO

1/0 1/0 1/0

A A T
Port C

(PC2-PCO0)
1 =input
0 = output

Port B
1 =input
0 = output

Group B Mode
0 =mode 0

1=mode 1

During amode 2 data transfer, the status of the handshaking lines and interrupt signals can be
obtained by reading port C. The port C status-word bit definitions for amode 2 transfer are

shown as follows.

© National Instruments Corporation
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Port C status-word bit definitions for bidirectional data path (port A only):

D7 D6 D5 D4 D3 D2 D1 DO
[ oBFA* | INTEL | IBFA | INTE2 | INTRA | 1O | 1O | 10O |
Bit Name Description
7 OBFA* Output Buffer for Port A—A low setting indicates that the CPU

has written data to port A.

6 INTEL Interrupt Enable Bit for Port A Output Interrupts—Setting this bit
enables output interrupts from port A of the 82C55A. Thishitis
controlled by setting/resetting PC6.

5 IBFA Input Buffer for Port A—A high setting indicates that data has
been loaded into the input latch of port A.

4 INTE2 Interrupt Enable Bit for Port A Input Interrupts—Setting this bit
enables input interrupts from port A of the 82C55A. Thisbitis
controlled by setting/resetting PC4.

3 INTRA Interrupt Request Status for Port A—If INTEL and IBFA are high,
then this bit is high, indicating that an interrupt request is pending
for port A input transfers. If INTE2 and OBFA* are high, then this
bit is high, indicating that an interrupt request is pending for port A
output transfers.

2-0 1/0 I nput/Output—T hese bits can be used for genera-purpose 1/0 lines
if group B is configured for mode O. If group B is configured for
mode 1, refer to the bit explanations shown in the preceding mode
1 sections.

At the digital I/0O connector, port C has the following pin assignments when in mode 2. Notice
that the status of STBA* and the status of ACKA* are not included in the port C status word.

A PC7 OBFA* L p»
PC6 ACKA* ¢——
Group A PC5 IBFA | —»
PC4 STBA* |[€—
y | PC3 INTRA —
L W # >
Group B PC1 # >
\ 4 PCO # b
#  Thethree port C lines associated with group B function based on the mode selected for group B;
that is, if group B is configured for mode 0, PC2-PCO function as general-purpose /O, but if group B is
configured for mode 1 input or output, PC2-PCO function as handshaking lines as shown in the
preceding mode 1 sections.
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Mode 2 Programming Example

The following example shows how to configure PPl A for mode 2 input and output and how to
use the handshaking signals to control dataflow. This codeis strictly an example and is not
intended to be used without modification in a practical situation.

Mai n() {

#defi ne BASE_ADDRESS 0x180 /* Board | ocated at address 180 */

#def i ne APORTAof f set 0x00 /[* OfFfset for PPl A port A */

#def i ne APORTBof f set 0x01 /[* OFfset for PPl A port B */

#def i ne APORTCof f set 0x02 /* Ofset for PPl A port C */

#defi ne ACNFGof f set 0x03 /* Offset for PPI A CNFG */

unsi gned int porta, portb, portc, cnfg;

char val read; /* Variable to store data read froma
port */

/* Calculate register addresses */

porta = BASE_ADDRESS + APCRTAof f set ;

portb = BASE ADDRESS + APORTBof f set ;

portc = BASE ADDRESS + APORTCof f set ;

cnfg = BASE_ADDRESS + ACNFCof f set ;

/* EXAMPLE 1*/

out p(cnf g, 0xC0) ; [* Port Alis in node 2. */

while (!(inp(portc) & 0x80)); /* Wait until OBFA* is set, indicating

that the data last witten to port A
has been read. */

out p(porta, 0x67); * Wite the data to port A */

while (!(inp(portc) & 0x20)); /[* Wait until IBFA is set, indicating that
data is available in port Ato be read.
*/

valread = inp(porta); /* Read data fromport A */

}

~

Interrupt Programming Examplesfor the 82C55A

The following examples show the process required to enable interrupts for several different
operating modes. The interrupt handling routines and interrupt installation routines for the
82C55A are not included; however, sample routines for the 8253 are included later in the
chapter. These routines can be modified to function for the 82C55A. Consult the IBM Personal
Computer XT Technical Reference manual for additional information. Also, if you generate
interrupts with the PC3 or PCO lines of the 82C55A devices, you must maintain the active high
level until the interrupt service routineis entered. Otherwise, the host computer considers the
interrupt a spurious interrupt and routes the request to the channel responsible for handling
spuriousinterrupts. To prevent this problem, try using some other /O bit to send feedback to the
device generating the interrupt. In thisway, the interrupting device can be signaled that the
interrupt service routine has been entered. For further information on using PC3 and PCO for
interrupts, see the section entitled Interrupt Handling, later in this chapter.
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Mai n() {
#defi ne BASE_ADDRESS 0x180 /* Board | ocated at address 180 */
#def i ne APORTAof f set 0x00 /[* OFfset for PPl A port A */
#def i ne APORTBof f set 0x01 /* Ofset for PPl A port B */
#def i ne APORTCof f set 0x02 /* Ofset for PPl A port C */
#defi ne ACNFGof f set 0x03 /* Offset for PPI A CNFG */
#def i ne | REGLof f set 0x14 /* Offset for Interrupt Reg. 1 */
#def i ne | REQ2of f set 0x15 /* OFfset for Interrupt Reg. 2 */
unsi gned int porta, portb, portc, cnfg, iregl, iregz;
char val read; /* Variable to store data read froma
port */

/* Calculate regi ster addresses */

porta = BASE ADDRESS + APORTAof f set;
portb = BASE ADDRESS + APORTBOof f set;
portc = BASE ADDRESS + APORTCof f set;
cnfg = BASE ADDRESS + ACNFCof f set ;
iregl = BASE_ADDRESS + | REGlof f set;
i reg2 = BASE ADDRESS + | REQof f set;

/* EXAMPLE 1-Set up interrupts for node 1 input for port A Enable the
appropriate interrupt bits. */

out p(cnf g, 0xBO) ; /[* Port Ais an input in node 1. */

out p(cnf g, 0x09); /[* Set PC4A to enable interrupts from
82C55A. */

out p(iregl, 0x01); /* Set AIRQD to enable PPI A port A
interrupts. */

out p(ireg2, 0x04); /[* Set INTEN bit. */

/* EXAVPLE 2-Set up interrupts for node 1 input for port B. Enable the
appropriate interrupt bits. */

out p(cnf g, 0x86) ; /[* Port Bis an input in node 1. */

out p(cnf g, 0x05) ; /[* Set PC2 to enable interrupts from
82C55A. */

out p(iregl, 0x02); /* Set AIRQL to enable PPl A port B
interrupts. */

out p(ireg2, 0x04); /* Set INTEN bit. */

| * EXAVPLE 3-Set up interrupts for node 1 output for port A Enable the
appropriate interrupt bits. */

out p(cnf g, 0xA0) ; [* Port Ais an output in node 1. */

out p(cnf g, Ox0D) ; /* Set PC6 to enable interrupts from
82C55A. */

out p(iregl, 0x01); /* Set AIRQD to enable PPI A port A
interrupts. */

out p(ireg2, 0x04); /[* Set INTEN bit. */

/* EXAMPLE 4-Set up interrupts for node 1 output for port B. Enable the
appropriate interrupt bits. */
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out p(cnf g, 0x84); /* Port Bis an output in node 1. */

out p(cnf g, 0x05) ; /[* Set PC2 to enable interrupts from
82C55A. */

out p(iregl, 0x02); /* Set AIRQL to enable PPl A, port B
interrupts. */

out p(ireg2, 0x04); /* Set INTEN bit. */

/* EXAVMPLE 5-Set up interrupts for node 2 output transfers. Enable the
appropriate interrupt bits. */

out p(cnf g, 0xC0) ; /* Mbde 2 output. */

out p(cnf g, Ox0D) ; /* Set PC6 to enable interrupts from
82C55A. */

out p(iregl, 0x01); /* Set AIRQD to enable PPI A port A
interrupts. */

out p(ireg2, 0x04); /[* Set INTEN bit. */

/* EXAMPLE 6-Set up interrupts for node 2 input transfers. Enable the
appropriate interrupt bits. */

out p(cnf g, 0xDO) ; /* Mode 2 input. */

out p(cnf g, 0x09); /[* Set PCA to enable interrupts from
82C55A. */

out p(iregl, 0x01); /* Set AIRQD to enable PPI A port A
interrupts. */

out p(ireg2, 0x04); /[* Set INTEN bit. */

}

Programming Considerations for the 8253

A general overview of the 8253 and how it is configured on the PC-DI10O-96 are presented as
follows. This section aso includes an indepth example of handling interrupts generated by the
8253.

General Information

The 8253 contains three counter/timers, each of which can operate in one of six different modes.
Asthe PC-DIO-96 is designed, however, only counter 0 and counter 1 are configured for
operation; counter 2 is not connected, nor isit available on the external 1/0 connector. In
addition, counter 0 and counter 1 are wired to the interrupt circuitry in such away that only four
of the modes are available for use.

The source for counter 0 isa2-MHz clock. If counter O is used for interrupting the host
computer, configure the counter for rate generation, or mode 2. If counter 1 is used for
interrupting the host computer, counter O is used as a frequency scaler which feeds the source
input for counter 1. In this case, configure both counters for rate generation, or mode 2. To
determine the time between pul ses generated by counter O, multiply the load value by 500 nsec
(/(2 MHz)). To determine the time between pulses generated by counter 1, multiply the load
value by the time between pulses of counter 0. A sample configuration procedure is presented in
the next section.
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Interrupt Programming Example for the 8253

An in-depth example of handling interrupts generated by the 8253 is presented as follows. The
main program is presented in C, while sample interrupt routines are presented in assembly
language.

Mai n() {

#def i ne BASE_ADDRESS 0x180 /* Board |located at address 180 */
#def i ne CTROof f set 0x10 /* Ofset for counter 0 */
#def i ne CTRlof f set 0Ox11 /* OfFfset for counter 1 */
#defi ne CTRCNFCGof f set 0x13 [* Ofset for 8253 CNFG  */
#def i ne | REGlof f set 0x14 /* Ofset for Interrupt Reg. 1 */
#def i ne | REQof f set 0x15 /* Ofset for Interrupt Reg. 2 */
#def i ne channel 5 /* Interrupt channel on WL */
#define use ctrl 0 [* 0 for ctrO, 1 for ctrl1 */
#define ctr0O_data 10000 /* Pul se every 5 nsec */

#define ctrl _data 1000 /* Pul se every 5 sec */

unsigned int ctr0O, ctrl, cnfg, iregl, ireg2;

/* Calculate regi ster addresses */

ctrO0 = BASE_ADDRESS + CTROof f set;

ctrl = BASE ADDRESS + CTRloffset;

cnfg = BASE_ADDRESS + CTRCNFGof f set ;

iregl = BASE_ADDRESS + | REGlof f set;

i reg2 = BASE ADDRESS + | REQof f set;

/* Disable interrupts */

out p(iregl, 0x00); /* Disable all 82C55A interrupts */

out p(ireg2, 0x00); /* Disable counter interrupts */

/* Set up the counter nodes--do not wite out the counter |oad val ues at

this tinme, as this starts the counter. */

out p(cnf g, 0x34); /* Set counter 0 to node 2 */
if (use_ctrl) {
out p(cnf g, 0x74); /* Set counter 1 to node 2 */
out p(ireg2, 0x07); /* Enable interrupts, enable counter
interrupts, and select counter 1's
out put */
el se outp(ireg2, 0x06); /* Enable interrupts, enable counter
interrupts, and select counter 0's
out put */

/* At this point, you should install your interrupt service routine using the
i nterrupt channel selected by W.. */

/* install _isr(channel,...); */

/* Now wite out the counter | oad values for the selected counters. */
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if (use_ctrl) {
outp(ctrl, ((unsigned char) (ctrl data & 0x00ff)));
/* Send the |east significant byte of the
counter data for counter 1 */
outp(ctrl, ((unsigned char) ((ctrl_data & Oxff00) >> 8)));
/* Send the nobst significant byte of the
counter data for counter 1 */

}
outp(ctr0, ((unsigned char) (ctr0_data & 0x00ff)));
/* Send the least significant byte of the
counter data for counter 0 */
outp(ctr0, ((unsigned char) ((ctr0O_data & Oxff00) >> 8)));
/* Send the nost significant byte of the
counter data for counter 0 */

/* As soon as the last byte is witten to counter 0, the counter begins
counting, and the PC-DI O 96 starts to interrupt the host computer. At this
point, you can run other code.... */

/* call _foreground code(...); */

/* \When you are ready to exit your program you should deactivate the counters
and interrupts as shown bel ow. */

if (use_ctrl) outp(cnfg, 0x70); /* Turn off counter 1 */
out p(cnf g, 0x30); /[* Turn off counter 0 */
out p(ireg2, 0x00); /* Disable PC-DIO 96 interrupts */

/* After you have deactivated interrupts, you nust renove your interrupt
service routine before exiting your program-do this now. */

/* renmove_isr(); */

}

Sample code for the functionsi nstal | _i sr() andrenove_i sr() ispresented asfollows. Be
sure to pass a 32-hit structure pointer to the i nst al | _i sr () function, because the main
program’s datawill probably be stored in a different memory segment than the one where the
interrupt functions are located. In addition, if you call the installation function from alanguage
besides C, make sure the parameters are passed in the proper order. C pushes parameters on the
stack from right to left, but most other languages, most notably Pascal, push parameters from left
toright. Finaly, be sure to make the calls to the functions using 32-bit addresses, because al of
the code assumes data is offset with respect to a 32-bit return address. The code can be modified
to use 16-hit addresses by changing f ar to near and decrementing all references to the base page
register, bp, by twoininstal | _i sr() andrenove_i sr() only. Do not modify

i sr_handl er() .

; assenmble this file with the foll owi ng comrand:
; masm / MX fi |l enane;

/ MX preserves case sensitivity
function prototypes:

voi d install _isr(int level, isr_block_type far * isr_block);

on input, level indicates the interrupt level that is to be nodified
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; on input, isr_block points to the data structure that will be used by

; the isr_handl er function

: voi d i sr_handl er (voi d);

: the isr_handler() function will never be called fromC.....
: voi d renove_i sr(void);

public _install _isr, _isr_handler, _renove_isr

_DATA  segment word public ' DATA

; decl arations

ackm equ 00020h
acks equ 000a0h
eoi equ 00020h
maskm equ 00021h
masks equ 000alh

i nt _addr dd 0
i nt_mask dw 0
i srb_addr dd 0

sl ave_ack db 0

vect _num db 0
DATA ends

_TEXT  segnent word public ' CODE
assume cs: TEXT, ss: TEXT, ds: DATA

; install _isr
; bp reg at [ bp+0]
; ret addr ofs at [ bp+2]
; ret addr seg at [ bp+4]
i level at [ bp+6]
; isr_block ofs at [ bp+8]
; isr_block seg at [ bp+10]
_install __isr proc far
cli
push bp
nov bp, sp
push ax
push bx
push cX
push dx
push ds
push es
nmov ax, seg _DATA
nov ds, ax

; save the pointer for the isr_block structure--used in isr_handler
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nmov ax, [ bp+8] ; Get ofs into ax
nmv word ptr isrb_addr[0],ax ; Save address in variable
nov ax, [ bp+10] ; Get seg into ax
nmv word ptr isrb_addr[2],ax ; Save address in variable

; set interrupt vector--save the current vector before witing out new one

nmov ax, [ bp+6] ; Get interrupt leve
cnp al , 7 ; Check to see if it belongs to naster
ja short sl ave ; or slave interrupt chip
add al , 008h ; OFfset for naster vector |ist
jmp short setvec ; Go set the vector
sl ave:
add al , 068h ; OFfset for slave vector |ist
nmov sl ave_ack, 1 ; Flag for slave channe
set vec:
push ax ; Save vector nunber for |ater
nmov ah, 35h ; Get current vector
i nt 21h ; Get previous int_addr in es:bx
pop ax ; Restore vector nunber
nov CX, CS ; Prep to conpare current/new vectors
nov dx, es
cnp dx, cx ; See if vector is already there
j ne short ii_0O
cnp bx, offset _isr_handler
je short ii_exit ; Vector already installed--exit
ii_0:
nov vect _num al ; Save vector nunber for renove_isr
nmov word ptr int_addr[O0], bx ; Save the address
nov word ptr int_addr[2],es
push ds ; Save the data segnent
nmov ds, cx ; Copy cx (== cs) into ds
nov dx, of fset _isr_handl er ; ds:dx points to new handl er
nov ah, 25h
i nt 21h ; Install the handler in the system
pop ds

; mask interrupt |evel
; the origina

nmov cX, [ bp+6]
mov bx, 1

shl bx, ¢

nmov cX, bx

not bx

in al , mskm
jm $+2

and cl, al

and al , bl

out maskm a
jmp $+2

in al , masks
jm $+2

and ch, al

and al , bh

out masks, a
nov i nt _mask, cx

© National Instruments Corporation
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inthe interrupt controller register and store
setting of the nmask bit for the selected interrupt |eve

Get interrupt |eve
Cenerate some masks

cx has 1 in bit pos of int-Ieve

bx has 0 in bit pos of int-I|eve

Get mask data from nmaster chip

Del ay--wait for data transfer
Determ ne setting of nask bit
Enabl e interrupts for selected |eve

Del ay--wait for data transfer
Get nmask data from slave chip
Del ay--wait for data transfer
Determ ne setting of nask bit
Enabl e interrupts for selected |eve

Save the previous val ue of the nask
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; restore saved registers

ii_exit:
pop es
pop ds
pop dx
pop CX
pop bx
pop ax
pop bp
st
ret
_install _isr endp

remove_i sr

; bp reg at [ bp+0]
; ret addr ofs at [ bp+2]
; ret addr seg at [ bp+4]
_renove_i sr proc far

cli

push ax

push bx

push cX

push dx

push ds

push es

nov ax, seg _DATA

nov ds, ax

; see if our vector is installed--if not, do not renpve the vector

cnp vect_num O ; See if vect_numwas ever set

jz short ri_exit ; Qur vector never installed--exit
nmov al , vect _num ; Get vector nunber

nmov ah, 35h ; Get current vector from DOS

i nt 21h ; Get previous int_addr in es:bx

nov CX, CS ; Prep to conpare old/current vectors
nov dx, es

cnp dx, cx ; See if our vector is already there
j ne short ri_exit ; Different vector segnent--exit

cnp bx, offset _isr_handler

j ne short ri_exit ; Different vector offset--exit

; restore old nask and vector val ues
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nov
in

jmp
or

out
jmp
in

jmp
or

out
Jp
nov
nov
| ds
int

;. restore saved

ri_exit:
pop
pop
pop
pop
pop
pop
sti
ret

_renove_i sr endp

; isr_handl er
_isr_handl er
cli
push
push

; service interrupt

. Your

cx,int_mask

Register-Level Programming

Cet the old nask val ue

al , maskm ; Get current naster mask
$+2 ; Delay--wait for data transfer
al, cl ; ORin old nask val ue
maskm al ; Send out new setting
$+2 ; Delay--wait for data transfer
al , masks ; Get current slave mask
$+2 ; Delay--wait for data transfer
al, ch ; ORin old mask val ue
masks, al ; Send out new setting
$+2 ; Delay--wait for data transfer
al ,vect _num ; al holds interrupt |evel
ah, 25h
dx, i nt_addr ; ds:dx points to new handl er
21h ; Install the old vector
registers
es
ds
dx
CX
bx
ax
proc far
ax
ds
code here. ..
if this was not your interrupt, junp to '"ih_0O

if this was your interrupt,
the pointer for the data structure 'isr_bl ock’
to access the structure,

at _DATA:isrb_addr;

service it as appropriate;
is stored
use the

fol |l ow ng steps:

nov
nov
| ds

ax, seg _DATA
ds, ax
Si, isrb_addr

you need not use ds:si,
regi sters you use..
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acknow edge the interrupt

i h_0:
nmov ax, seqg _DATA
nov ds, ax
nmov al , eoi ; Signify end of interrupt
cnp sl ave_ack, 0 ; See if we need to acknow edge sl ave
je short ih_1 ; Junmp i f not
out acks, al ; Send sl ave acknow edge
jmp $+2 ; Delay--wait for data transfer
ih_1:
out ackm al ; Send naster acknow edge

restore saved registers

pop ds

pop ax

sti

iret
_isr_handl er endp
_TEXT ends

end

Interrupt Handling

The INTEN bit of Interrupt Register 2 must be set to enable interrupts from the PC-DIO-96.
This bit must first be cleared to disable unwanted interrupts. After all sources of interrupts have
been disabled or placed in an inactive state, you can set INTEN.

To interrupt the host computer using one of the 82C55A devices, program the selected 82C55A
for the 1/0O mode desired. In mode 1, set either the INTEA or the INTEB bit to enable interrupts
from port A or port B, respectively. In mode 2, set either INTEL or INTE2 for interrupts on
output or input transfers, respectively. The INTEL and INTE2 interrupt outputs are cascaded into
asingle interrupt output for port A. After interrupts have been enabled from the 82C55A, set the
appropriate enable bit for the selected 82C55A; for example, if you selected both mode 2
interrupts for PPl C, you would set CIRQO in order to interrupt the host computer.

To interrupt the host computer using one of the 8253 counter outputs, program the counter(s) as
described in the preceding section, Interrupt Programming Example for the 8253.

External signals can be used to interrupt the PC-DIO-96 when port A or port B isin mode 0 and
the low nibble of port C is configured for input. If port A isin mode O, use PC3 to generate an
interrupt; if port B isin mode 0, use PCO to generate an interrupt. Once you have configured the
selected 82C55A, you must set the corresponding interrupt enable bit in Interrupt Register 1. If
you are using PC3, set XxIRQO; if you are using PCO, set xIRQ1. When the external signal
becomes logic high, an interrupt request occurs. Although the host computer's interrupt-
monitoring circuitry istriggered by the positive-going edge of the interrupt signal, the signal
must remain high until the interrupt routine has been entered and interrupts have been masked
out. Make sure your external interrupt signal meets these qualifications. To disable the external
interrupt, clear the appropriate xIRQy bit or clear the INTEN bit.
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Specifications

This appendix lists the specifications of the PC-DI0O-96. These specifications are typical at 25° C, unless otherwise
stated. The operating temperature range is 0° to 70° C.

Digital I/0

Number of channElS ..., 961/0

CompatibDility ....coeeeeereeee e TTL

Absolute max voltage rating ..........cccceeeeeeereenenieneneens -0.5to +5.5 V with respect to GND
Handshaking ........ccccevevieveriereeeeeeeee e Requires 1 port

POWEr-0N SLAE ......veveceeeceeeeeeee e Configured asinputs
Datatransfers ... Interrupts, programmed |1/O

Digital Logic Levels
Input Signals

PiNS 148, 51-98......cccoieeeeeeeeeere e Leve Min M ax
Input logic high voltage 22V 53V
Input logic low voltage -0.3V 0.8V
Input current -1L.OpA 10pA
(0<Vin <5V)

Output Signals

PIN49 (8 +5 V) oo 0.5 A max
PiIN99 (@ +5 V) cuocece e 0.5 A max

Note: Thetotal combined current output from pins 49 and 99 may be limited by the available current from
your computer's power supply. To determine the available current, subtract the maximum power
consumption of the board from the maximum current per slot. The difference, if lessthan 1 A, isthe
maximum combined current available to pins49 and 99. If the differenceisequal to or greater than
1A, themaximum current available is restricted by the limitations of the connector, as shown previoudly.
If your external circuitry requires 0.5to 1 A of current, you should connect pins49 and 99 in paralld in
order to distribute the current.
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PiNS 148, 51-98......cco i Level Min Max
Output high voltage
(out =-25mA) 37V 50V
Output low voltage
(Ilout =25mA) 0.0V 04V
Output current
Va =05V) 4mA —
Qutput current
Vy =27V) 4mA —
Environment
Operating TEMPEratUre .......ccocevveveeeeeeeeeerese e 0°to70° C
Storage TEMPEFEIUIe.........cocvreeereeeeeie e e -55°t0 150° C
Relative humidity .........cccoeeereinninnereeeees 5% to 90% noncondensing
Physical
DIMENSIONS ..o e 3.9in. by 6.5in.
[/O CONNECLON ... 100-pin male, ribbon-cable connector

Power Requirement (from PC I/O Channel)

LY/ 0] o0 1= 0.38 A at 5 VDC (£5%)
MBX POWES ..veeeeeeteieieeeeetestestesreste e re e saesaeneneas 0.8 A at 5VDC (z5%)

Note:  These power usage figures do not include the power used by external devicesthat are connected to the
fused supply present on the 1/O connector.

Transfer Rates

The maximum average transfer rates for the PC-DI10-96 are shown as follows. The code used to make the
measurements follows the table. The assembly language code was assembled as inline assembly C code using
version 8.00 of the Microsoft Optimizing C Compiler. The C code was compiled using version 8.00 of the
Microsoft Optimizing C Compiler.
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Table A-1. Maximum Average Transfer Rates for the PC-DIO-96

Bus CPU CPU Speed Assembly C
AT (ISA16) 486DX4 100 MHz 490 kbytes/s 470 kbytes/s

Assembly language code:

nmov cx, 64 ; Count out 64 transfers
nmov dx, 0180h ; The port to access

loop:
| odsb ; Assune ds:si points to buffer of data
out dx, al ; Send the data
dec CX ; Decrenment the | oop counter
jnz short | oop ; See if we need to | oop

C code:

address = 0x0180; /* The port address */

for (i =0; i <64; i++) { /* Loop 64 times */
out p(address, *data++); /* Send data */

}
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Appendix B
OKI 82C55A Data Sheet*

This appendix contains the manufacturer data sheet for the OKI 82C55A (OKI Semiconductor)
CMOS programmabl e peripheral interface. Thisinterface isused on the PC-DIO-96 board.

*  Copyright © OKI Semiconductor 1993. Reprinted with permission of copyright owner.
All rights reserved.

OKI Semiconductor Data Book Microprocessor, Seventh Edition, March 1993.
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.C1.Appendix C
.C1.AMD 8253 Data Sheet*

This appendix contains the manufacturer data sheet for the AMD 8253 integrated circuit
(Advanced Micro Devices, Inc.). Thiscircuit is used on the PC-DIO-96 board.

*  Copyright © Advanced Micro Devices, Inc. 1987. Reprinted with permission of copyright owner.
All rights reserved.
Advanced Micro Devices, Inc. 1987-1988 Data Book MOS Microprocessors and Peripherals.
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Appendix D
Customer Communication

For your convenience, this appendix contains forms to help you gather the information necessary
to help us solve technical problems you might have as well as aform you can use to comment on
the product documentation. Filling out a copy of the Technical Support Form before contacting

National Instruments helps us help you better and faster.

National Instruments provides comprehensive technical assistance around the world. Inthe U.S.
and Canada, applications engineers are available Monday through Friday from 8:00 am. to
6:00 p.m. (central time). In other countries, contact the nearest branch office. You may fax
guestionsto us at any time.

Corporate Headquarters

(512) 795-8248

Technical support fax:

Branch Offices
Australia
Austria
Belgium
Canada (Ontario)
Canada (Quebec)
Denmark
Finland

France
Germany

Hong Kong
Italy

Japan

Korea

Mexico
Netherlands
Norway
Singapore
Spain

Sweden
Switzerland
Tawan

U.K.

(800) 328-2203
(512) 794-5678

Phone Number
03 9879 9422
0662 4579900
02 757 00 20
519 622 9310
514 694 8521
4576 26 00

90 527 2321
148142424
089 741 31 30
2645 3186

02 48301892
03 5472 2970
02 596 7456
95 800 010 0793
0348 433466
32848400
2265886

91 640 0085
08 73049 70
056 200 51 51
02 377 1200
01635 523545

© National Instruments Corporation

Fax Number
0398799179
0662 4579 90 19
02 757 03 11
519 622 9311
514 694 4399
45767111
90 502 2930
148142414
089 714 60 35
2686 8505

02 48301915
03 5472 2977
02 596 7455
5520 3282
0348 430673
32848600
2265887

91 640 0533
08 73043 70
056 200 51 55
02 737 4644
01635 523154
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Technical Support Form

Photocopy this form and update it each time you make changes to your software or hardware, and use the completed
copy of thisform as areference for your current configuration. Completing this form accurately before contacting
National Instruments for technical support helps our applications engineers answer your questions more efficiently.

If you are using any National Instruments hardware or software products related to this problem, include the
configuration forms from their user manuals. Include additional pagesif necessary.

Name

Company

Address

Fax (___) Phone (___)

Computer brand Model Processor

Operating system

Speed MHz RAM MB Display adapter
Mouse yes no Other adaptersinstalled
Hard disk capacity MB Brand
Instruments used
National Instruments hardware product model Revision

Configuration

National Instruments software product Version

Configuration

The problemis

List any error messages

The following steps will reproduce the problem




PC-DI0-96 Hardwar e and Software
Configuration Form

Record the settings and revisions of your hardware and software on the line to the right of each item. Complete a
new copy of thisform each time you revise your software or hardware configuration, and use thisform asa
reference for your current configuration. Completing this form accurately before contacting National Instruments
for technical support helps our applications engineers answer your questions more efficiently.

National I nstruments Products

. Data Acquisition Hardware

. Interrupt Level of Hardware

. DMA Channels of Hardware

. Base I/0O Address of Hardware

. NI-DAQ Version

. Windows Version

. Windows Mode

Other Products

. Computer Make and Model

. Microprocessor

. Clock Frequency

. Type of Video Board Installed

. DOS Version

. Programming Language

. Programming Language Version

. Other Boardsin System

. Base I/0O Address of Other Boards

. DMA Channels of Other Boards

. Interrupt Level of Other Boards




Documentation Comment Form

National Instruments encourages you to comment on the documentation supplied with our products. This
information helps us provide quality products to meet your needs.

Title  PC-DIO-96 User Manual
Edition Date: September 1995

Part Number: 320289B-01

Please comment on the compl eteness, clarity, and organization of the manual.

If you find errors in the manual, please record the page numbers and describe the errors.

Thank you for your help.
Name

Title

Company

Address

Phone ( )

Mail to: Technical Publications
National Instruments Corporation
6504 Bridge Point Parkway, M S 53-02
Austin, TX 78730-5039

Fax to:

Technical Publications

National Instruments Corporation
MS 53-02

(512) 794-5678



Glossary

Prefix M eaning Value

n nano- 1079
- micro- 106
m- milli- 103
k- kilo- 103
M- mega- 106

° degrees

Q ohms

% percent

A amperes

AMD Advanced Micro Devices

AWG American Wire Gauge

BCD binary-coded decimal

C Celsius

DMA direct memory access

EISA Extended Industry Standard Architecture

hex hexadecimal

Hz hertz

in. inches

lout output current

ISA Industry Standard Architecture

kbytes 1,024 bytes

LSB least significant bit

MB megabytes of memory

m meters

MSB most significant bit

PPI programmabl e peripheral interface

Rext externa resistance

RTS Real-Time System Integration

S seconds

SCXI Signal Conditioning eXtensions for Instrumentation

Vv volts

Vet external volt

Vin voltsin

vVDC voltsdirect current
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